Study design: A retrospective epidemiological study. Objective: To describe the recent epidemiological characteristics of traumatic cervical spinal cord injury (TCSCI) in adults in Tianjin. Setting: Tianjin Medical University General Hospital. Methods: This study included all TCSCI patients aged X15 years who were admitted to a general hospital from December 2008 to November 2011. Epidemiological characteristics including gender, age, marital status, occupation, etiology, level of injury, severity and America Spinal Injury Association (ASIA) impairment scale were recorded. Results: A total of 143 patients with TCSCI were included in the study. Mean age was 54.6±14.6 years (men 53.5±14.9 years, women 54.2 ± 12.1 years), with a range of 18-87 years, and the male/female ratio was 5:1. The leading cause was falls (49.7%), followed by motor vehicle accidents (36.4%). The most common injury site was C5, accounting for 42%. In all, 74 (51.7%) patients had complications; the most common complication was hyponatremia (30.1%), followed by urinary infection (23.1%), respiratory infection (18.2%), bedsore (9.8%) and deep venous thrombosis (4.9%). As for the severity, ASIA grade D was encountered most frequently. Six patients died, five of whom died from respiratory failure. Conclusion: The epidemiology of TCSCI has its own characteristics. Falls were the leading causes, and TCSCI occurred most frequently in the middle-aged and elders. Therefore, establishing public policies aimed at preventing injuries should focus on falls and more attention should be paid to the aged regarding their vulnerability to low fall. Additionally, complications should be prevented in TCSCI patients. 
INTRODUCTION
Traumatic spinal cord injury (TSCI) is a life-threatening condition that not only leads to loss of motor and sensory below the level of injury but also results in many dysfunctions of many organs, including the respiratory, gastrointestinal, urinary and autonomic nervous system. It is a substantial burden to the affected individuals, their families and society, because of expenses towards health-care treatments, rehabilitation and lost productivity. 1,2 Of the TSCIs, traumatic cervical spinal cord injury (TCSCI) is one of the most severe and disabling traumatic conditions. Worldwide, the global estimate of TSCI incidence lies between 10.4 and 83 per million per year; 3 however, TCSCI is the most common injury (accounting for 450%). 4, 5 Every year, 11 000 cervical spinal cord injury patients require hospitalization. 6 The mean length of stay of patients with TCSCI (161 days for Frankel grade A, B or C and 102 days for grade D) is longer than that for thoracic (161 days for Frankel grade A, B or C and 64 days for grade D) and lumbar (138 days for Frankel grade A, B or C and 70 days for grade D) TSCI. 7 The TCSCI patients have the highest costs, and the complications are significantly of longer duration. 8, 9 Approximately 20.6% of the TCSCI cases require tracheostomy because of compromised respiratory function. 10 Additionally, TCSCI mortality (72%) is also obviously higher than that for thoracic (20.7%) and lumbar (7.3%) TSCI. 11 China is the largest developing country, accounting for an estimated 25% of the world's population. Tianjin is the third largest city in China, with a total population of about 12 938 200 (2011). In our previous investigation, 12, 13 consistent with the global trend, TCSCI was the most common neurological level of injury. Although TCSCI is the most prevalent and severe condition, few reports have been published on TCSCI. To our knowledge, no local epidemiological research on TCSCI has been extensively carried out.
The purpose of this study was to describe the epidemiological features of TCSCI in China with reference to etiological factors, gender, the most common age group involved, level of injury, marriage and America Spinal Injury Association (ASIA) score, and to make planning strategies to reduce TCSCI incidence.
MATERIALS AND METHODS
This retrospective study was conducted in TCSCI patients admitted to Tianjin Medical University General Hospital, the biggest general medical center in Tianjin, between December 2008 and November 2011. Detailed information was obtained from the medical records of all patients discharged from this hospital with a diagnostic code ICD10, including age, sex, date of admission, causes of injury, level of injury, ASIA score, date of discharge and so on. Exclusion criteria were age 0-14 years and incomplete medical records, or medical records with uncertain diagnosis. A total of 143 cases were included in this study.
In this survey, like in our previous studies, 12,13 the patients were divided into seven age groups: 15-24, 25-34, 35-44, 45-54, 55-64, 65-74 and X75 years. Marital status was categorized as married and unmarried; the causes of TCSCI were divided into motor vehicle collision, falls, including low falls (on the same level, or from a height of o1 m) and high falls (from a height of 41 m), struck by an object, sport-related injuries, assault, work accident and other causes. The neurological deficits were classified according to the ASIA classification. These data were collected in a Microsoft Excel spreadsheet.
RESULTS

Age
Gender and age distributions are shown in Table 1 . For the 143 cases, the largest age group was 55-64 years, accounting for 29.4%, followed by 45-54 years (28.7%). Mean age was 54.6±14.6 years (men 53.5 ± 14.9 years, women 54.2 ± 12.1 years), with a range of 18-87 years.
Gender
Over the study periods, though the frequency of TCSCI increased in both men and women, the male/female ratio of the four periods decreased slightly. On an average, 119 of the patients were male and 24 were female. The male/female ratio was 5:1.
Marital status
As shown in Table 1 , 490% of all TCSCI patients were married.
Occupations
The occupations of patients, at the time of TCSCI, included retired (27.3%), peasants (32.2%), workers (26.6%), drivers (4.9%), teachers (4.2%) and students (4.2%).
Cause of injury
From the results, falls exceeded road accidents as the leading cause of injury, accounting for 49.7% of all TCSCI. Motor vehicle accidents (MVA) were the second most common cause of TCSCI, accounting for 36.4% on average. Other causes were being struck by an object (4.9%), sport-related injury (4.2%), work accident (3.2%), assault (1.4%) and others (1.4%).
In the low-falls group, the incidence rate of TCSCI steadily increased with age (20% for the age group 16-35 years to 66.7% for the age group 475 years). In the high-falls group, the incidence rate tended to decrease with age ( Figure 1 ).
Level of injury
The neurological level of TSCI in this study is presented in Figure 2 . Over the study years, the most common vulnerable level was the C5 segment, accounting for 50% of the TCSCI cases, followed by the C6 segment.
ASIA grade
During the study periods, all patients suffered from neurological deficits of varying degree (Table 1) . A total of 84 patients (59%) presented with ASIA grade D, followed by grade C (19%), grade B (17%) and grade A (5%).
In-hospital mortality and the cause of death A total of six patients (4.2% of admissions) died during hospitalization, all of whom were male. Among the patients, 3 (50%) were aged 460 years at the time of injury, 3 patients (50%) were retired and 3 of the patients (50%) were injured after a motor vehicle accident.
In the end, five died from respiratory failure and one died from acute pulmonary embolism.
Associated trauma and degeneration of cervical vertebra
In all, 43.4% of the patients had associated trauma, the commonest was head injury (30.8%), followed by extremity fractures and hydrothorax. More than 56% of the TCSCI patients had no associated trauma; however, 76.9% of the patients had degenerative changes of cervical vertebra (Table 1) .
Complications
Of the 143 patients, 72 (50.3%) patients had complications. As shown in Table 1 , the most common complication was hyponatremia, accounting for 30.1% of the TCSCI, followed by urinary infection (23.1%), respiratory infection (18.2%), bedsore (9.8%) and deep venous thrombosis (4.9%). Moreover, as displayed in Table 2 , the incidence of complications increased steadily with the severity (except the ASIA grade A).
Spinal cord injury without radiographic abnormality During the study years, there were 24 cases of spinal cord injury without radiographic abnormality among 143 cases of TCSCI, which accounted for 16.8%.
DISCUSSION
Nowadays, most epidemiology researches from countries worldwide focus on TSCI, but related information on TCSCI is limited. In comparison with TSCI, TCSCI has its own characteristics: long length of stay, high hospital cost and high mortality rate. To our knowledge, a national or local epidemiological study of TCSCI has not been reported previously in China.
In this study, the male/female ratio was 5:1, similar to that reported in early epidemiological studies in China. 12, 13 This might be because in most countries men are more engaged in dangerous work, while most of the women are housewives or engaged in occupations with low risk of injury.
As for age, in our study, most injuries occurred in the 45-65-year age group, which was not in accordance with the recent reports. In many countries, the high-risk groups for TSCI were the 20-50-year age groups. 11, 12 In addition, the mean age was 54.6 years, which is similar to the report on TCSCI in America (mean age 52 years). 14 This is due to the increased number of aged people in China and because people are more prone to injury as they age and agility declines.
Historically, motor vehicle accident was the leading cause of TSCI in developed countries; however, the percentage of falls has rapidly increased in current years. In this study, low fall was the major cause of TCSCI. The reason was the presence of degenerative changes in the cervical spine. A striking feature of older patients is their propensity to suffer TCSCI from seemingly minor trauma (for example, low falls o1 m), because most of the older patients have degenerative changes of the cervical vertebra, including spondylosis and ossification of the posterior longitudinal ligament. Yoo et al. 15 suggested that if there is marked stenosis of the cervical spinal canal, even an indirect minor trauma to the neck can cause irreversible changes in the spinal cord. Chikuda et al. 16 reported that most of the cervical spinal cord injury cases associated with ossification of the posterior longitudinal ligament were incomplete, without bone injury and caused primarily by low-energy trauma. In China, there has been a high incidence of cervical degeneration that has resulted from the growth of aging in recent years, so the number of low falls-induced TCSCI would increase gradually.
With respect to the frequency of TCSCI according to profession, reports are rare. In this study, it was highest in peasants, followed by retired citizens, and then workers, which is different from the reports on TSCI. A study on TSCI from Turkey 17 reported that the largest occupational group was employed (71.8%), followed by housewives (13.5%). In our previous study on TSCI, 12 unemployed individuals were the largest group, followed by peasants and workers. These differences might attributed to the differences in economic conditions and the society.
Regarding the ASIA grade, our data showed that ASIA grade D was in majority during the study years, which is consistent with our previous report on TSCI. This is because patients with low falls as the cause are more likely to incur less damage in contrast to patients who are involved in more serious injuries, such as motor vehicle crashes or fall from 41 m height.
The data revealed that the most common injury site was C5, followed by C6. These findings are in agreement with Bangladesh's studies, 18 which indicate a high frequency of C5 and C6 injuries. This should be attributed to the relatively poor mechanical stability of cervical vertebra that makes the cervical spine more vulnerable to trauma than any other area of the vertebral column. In the cervical vertebra, the most mobile motion segments are C4-C7, which were the most frequently injured. As is well known, patients with TCSCI suffer from a higher number of complications, yet our data showed that the incidence of complications was lower than suggested in previous reports. For example, the incidence of respiratory complications was much lower than that in previous reports (18.2% vs 63%), 19 and deep venous thrombosis was lower than that in Japan (4.9% vs 21%). 20 On the one hand, many complications were not recorded; moreover, preventive measures were taken in advance, such as the application of preventive anticoagulants before diagnosing a certain deep venous thrombosis. Additionally, as patients who died in the emergency apartment or in the process of transportation were not included, the mortality was much lower than that in other countries.
Nevertheless, this study has several limitations. (1) As a retrospective study, it was inevitable that some data might have been lost. To avoid this, we checked up all the related medical records to obtain data that are as complete as possible. (2) Patients aged 0-14 years were excluded. (3) Many complications were not diagnosed or recorded completely in medical records. (4) In addition, our mortality data were for inpatients only and patients who died before arriving at the hospital were not included. Despite these limitations, we still believe that this study contains valuable TCSCI epidemiological information, providing guidance for preventative measures.
CONCLUSIONS
This is a descriptive study of the characteristics of TCSCI patients admitted to Tianjin Medical University General Hospital from December 2008 to November 2011. The results revealed that TCSCI has its own characteristics. Falls were the leading causes, and TCSCI occurred most frequently in the middle-aged and elders. Along with the increasing proportion of older patients, the number of patients with TCSCI is growing. Therefore, establishing public policies aimed at preventing injuries should focus on falls and more attention should be paid to the aged owing to their vulnerability to low fall. In addition, complications should be prevented in TCSCI patients.
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